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Specification 



1. Title of the Invention 



Charge -transfer complex of fulvalen derivative and 



iodine 
2 . Claims 

(1) A charge -transfer complex comprising: 
a fulvalen derivative represented by the following 
formula (1) 



representing a sulfur atom, a selenium atom or a tellurium 
atom, Ri to R 4 are independent of each other, each representing 
an alkyl group having a secondary or tertiary carbon atom and 
a carbon number of 3 to 10, an alkenyl group having a 
secondary or tertiary carbon atom and a carbon number of 3 to 
10, or an aryl group or an ar alkyl group having a carbon 
number of 6 to 20); and/or 

a fulvalene derivative represented by the following 
formula (II) 




(I) 



(wherein Xi to X 8 are independent of each other, each 




(II) 



2 



(wherein Xi to X 8 are independent of each other, each 
representing a sulfur atom, a selenium atom or a tellurium 
atom, Ai to A4 are independent of each other, each representing 
a hydrogen atom, a chlorine atom, a bromine atom or an iodine 
atom, mi and m 2 are independent of each other, each 
representing an integer of 3 to 10, and n represents 2 to 100), 
Ci, C 2 , C 3 and C 4 being partly or wholly cross-linked; and 

2 to 15 mol of iodine (I 2 ) per 1 mol of the 
fulvalene derivative of the formula (I) or 1 mol of the 
constituent monomer unit of the fulvalene derivative of the 
formula ( 2 ) . 

3. Detailed Description of the Invention 
Industrial Field 

The present invention relates to a charge -transfer 
complex of a fulvalene derivative and iodine which is useful 
as a positive electrode active material for use in a solid 
electrolyte battery in which a light metal such as lithium, 
sodium, aluminum, or magnesium is used as a negative electrode 
active material. 
Prior Art 

In a solid electrolyte battery, its positive 
electrode active material, negative electrode active material 
and electrolyte are all in a solid form. Thus, solid 
electrolyte batteries have advantages in that there is no fear 
of electrolyte leakage and production of thin batteries can be 
done easily. They are being used as the power source for 
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heart pacemakers and the power source for backing up the 
memory of computers, and their techniques and applications are 
growing . 



electrode active material and uses, for example, lithium, as 
the negative electrode active material, lithium reacts with 
iodine to produce Lil on the interface between the positive , 
electrode and the negative electrode, and the Lil acts as a 
solid electrolyte. However, since iodine has a low electrical 
conductivity, if iodine is used as the positive electrode as 
it is, the internal resistance of the battery will 
significantly increase. Under such circumstances, GUTMANN et 
al. disclosed mixing iodine with an electron -donor to produce 
a charge -transfer complex with a high electrical conductivity, 
and using the resultant charge -transfer complex as the 
positive electrode active material of a solid electrolyte 
battery (J. Electrochem. Soc. , 114. , 323 (1967) and 115, 359 
(1968)). Since then, various charge- transfer complexes have 
been studied as positive electrode active materials. 



donor is tetrathiafulvalene (hereinafter abbreviated as TTF) 
represented by the following formula (III): 



In a battery that uses iodine as the positive 



A well known example of the above-mentioned electron 




(HI) 
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It combines with iodine to form a charge- transfer complex , 
exhibiting a good conductivity. Japanese Laid-Open Patent 
Publication No. Sho 55-161370 discloses the use of such a 
charge -transfer complex of TTF and iodine as the positive 
electrode active material in order to reduce the internal 
resistance of the solid electrolyte battery. 
Problem That the Invention Is to Solve 

However, the TTF-iodine charge-transfer complex as 
disclosed in Japanese Laid-Open Patent Publication No. Sho 55- 
161370 exhibited a good conductivity and a low iodine vapor 
pressure, but a solid electrolyte battery obtained by using 
this complex as the positive electrode active material had an 
insufficient discharge capacity. 

This is probably because, for example, when lithium 
is used as the negative electrode active material, the 
following reactions do not proceed sufficiently: 

the electrochemical reaction occurring on the 

positive electrode side: TTF • I 2x + e" -> TTF ■ I^-i + I"; and 
the reaction in which I" and Li + produced on the 
positive electrode side and the negative electrode side, 
respectively, combine to form Lil: Li + + I" — >L1I. 
Means for Solving the Problem 

In order to solve the above-mentioned problems, the 
present inventors have examined the utility of various 
electron donor- iodine charge- transfer complexes as positive 
electrode active materials. As a result, they have found that 
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a new fulvalene derivative represented by the following 
formula ( 1 ) : 

(I) 



or a new fulvalene derivative represented by the following 
formula ( 2 ) : 



Ai — (CHj)m7 



^-X|— (CH 2 ) m ^-Aa 

(H) 



-A* 
n 



wherein C x , C 2 , C 3 and C 4 are partly or wholly cross-linked 
readily combines with iodine to form a charge- transfer complex, 
and that a solid electrolyte battery obtained by using this 
charge-transfer complex as the positive electrode active 
material has good storage characteristics, a large utilization 
rate of the positive electrode active material, and a large 
discharge capacity. The present invention is achieved based 
on such findings. 

The present invention is hereinafter described in 

detail . 

In the formula ( 1 ) , Xi to X 8 are independent of each 
other, each representing a sulfur atom, a selenium atom or a 
tellurium atom. Ri to R 4 are preferably substituent groups that 
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are bulky, and they are independent of each other, each 
representing an alkyl group having a secondary or tertiary 
carbon atom and a carbon number of 3 to 10, preferably 3 to 6, 
an alkenyl group having a secondary or tertiary carbon atom 
and a carbon number of 3 to 10, preferably 3 to 6, or an aryl 
group or an aralkyl group having a carbon number of 6 to 20, 
preferably 6 to 15, 

A particularly preferable alkyl group is; 



r. 



CH 3 




A particularly preferable alkenyl group is: 




A particularly preferable aryl group is: 




A particularly preferable aralkyl group is: 
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In the formula (II), X 1 to X 8 are independent of each 
other, each representing a sulfur atom, a selenium atom or a 
tellurium atom, A 1 to A 4 are independent of each other, each 
representing a hydrogen atom, a chlorine atom, a bromine atom 
or an iodine atom, m x and m 2 are independent of each other, 
each representing an integer of 3 to 10, preferably 3 to 6, 
and n represents a number of 2 to 100. 

In the fulvalene derivative represented by the 
formula (II), C 1# C 2 , C 3 and C 4 are partly or wholly cross- 
linked with an alkylene chain having a carbon number of about 
3 to 10, and the molecular weight of this fulvalene derivative 
is preferably 1,000 to 50,000. 

The charge -transfer complex of the fulvalene 
derivative of the formula (I) or the fulvalene derivative of 
the formula (II) and iodine according to the present invention 
can be obtained by the following and other methods: a method 
in which 2 to 15 mol, preferably 5 to 10 mol, of iodine is 
added to 1 mol of the fulvalene derivative of the formula (I) 
or 1 mol of the constituent monomer unit of the fulvalene 
derivative of the formula (2), and this is homogeneously mixed 
and then allowed to stand as it is or heated at 40 to 80 *C for 
5 to 10 hours; and a method in which the fulvalene derivative 
of the formula (I) or (II) and iodine in the above-mentioned 
mixing ratio are dissolved in a solvent such as 
dichloromethane or tetrachloroethane, and then the solvent is 
evaporated. 
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The fulvalene derivatives represented by the 
formulas (I) and (II) can be synthesized, for example, by the 
method of G. Saito et al., Chem. Lett., 441 (1986), or G. 
Saito, J. Synth. Org. Chem. Jpn. , 45, 502 (1987). 

With respect to (I), for example, lumps of sodium 
are added to ice-cold methanol in the flow of argon, and then 
bis(carbonyldithio)tetrathiafulvalene (IV) is added thereto at 
room temperature and allowed to stand for 4 hours, to produce 
a compound (V) . This compound (V) is continuously mixed with 
an alkyl halide with a carbon number of 3 to 10, an alkenyl 
halide with a carbon number of 3 to 10, an aryl halide with a 
carbon number of 6 to 20, and an aralkyl halide with a carbon 
number of 6 to 20, and the mixture is allowed to react 
overnight at room temperature, to produce an intended compound 
(VI). 

With respect to (II), for example, the compound (IV) 
is added to ice-cold dimethyl formamide (DMF) dissolving 
sodium methoxide in the flow of argon at room temperature, and 
the mixture is then stirred for 4 hours, to produce a compound 

(V) . Subsequently, an alkylene dihalide with a carbon number 
of mi and/or m 2 is added thereto, and the mixture is allowed to 
react overnight at room temperature, to produce a compound 

(VI) . 
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OV) 

Na/MeOK X* N*OMVDMP 




cvm 

CVD 

The present invention is hereinafter described more 
specifically by way of examples. The examples, however, are 
not to be construed as limiting in any way the present 
invention. 



Example 1 

Synthesis of a charge -transfer complex of 
tetrathiabenzyltetrathiafulvalene (hereinafter abbreviated as 
TTC 7 (b)TTF) and iodine 

1.3 g of sodium lumps were added little by little to 
50 ml of ice-cold methanol in the flow of argon, and the 
mixture was then allowed to stand at room temperature -for 30 



10 

minutes. To this solution was added 5 g of 

bis ( carbonyldithio ) tetrathiaf ulvalene ( hereinafter abbreviated 
as TTCO) , followed by stirring at room temperature for 4 hours. 
Subsequently, 8 ml of benzyl bromide was added dropwise and 
allowed to stand overnight at room temperature, to produce 
tetrathiabenzyltetrathiaf ulvalene. The product was 
recrystallized from acetonitrile , to obtain a purified product 
of 2.8 g. 

The product was subjected to a FD-MS (a/s) 
measurement, and from 692 (M*) or Hl-NMR ( <5 , CDC1 3 ), a result 
of 6 = 3.79 (s. 8H), 7.19 to 7.25 (m, 20 0H) was obtained. 

The resultant TTC 7 (b)TTF and 4.8 mol of iodine (I 2 ) 
relative to 1 mol of TTC 7 ( b ) TTF were fully ground in a mortar 
and heated at 60°C for about 9 hours, to produce a charge- 
transfer complex (TTC 7 (b)TTF • I 9 .6) of TTC7 ( b ) TTF and iodine. 

Example 2 

Synthesis of a charge -transfer complex of 
tetrathiaisopentyltetrathiaf ulvalene ( hereinafter abbreviated 
as TTC 5 (i)TTF) and iodine 

2.5 g of tetrathiaisopentyltetrathiaf ulvalene was 
produced in the same manner as in Example 1, except for the 
use of 7 ml of isopentyl bromide in place of the 8 ml of 
benzyl bromide. 

Using the resultant TTC 5 ( i ) TTF and 4.8 mol of iodine 
relative to 1 mol of TTC5 ( i ) TTF , a charge -transfer complex 
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(TTC 5 (i)TTF • I 9 .e) of TTC 5 (i)TTF and iodine was produced in the 
same manner as in Example 1. 

Example 3 

Synthesis of a charge -transfer complex of 
polytetrathiapentyltetrathiafulvalene (hereinafter abbreviated 
as PTTC 5 TTF ) and iodine 

1.94 g of sodium methoxide was dissolved in 40 ml of 
ice-cold dimethyl formamide, and 5 g of TTCO was added thereto. 
After this was stirred at room temperature for 4 hours, 5.98 g 
of dibromopentane was added dropwise and allowed to stand 
overnight at room temperature, to produce 

polytetrathiapentyltetrathiafulvalene. The resultant product 
was fully washed with methanol, to obtain 6.4 g of a purified 
product of blackish brown. 

The product was analyzed by IR, and a peak 
attributable to the OH stretching of the pentyl group was 
confirmed at 2920 cm -1 , and the disappearance of the peak 
attributable to the carbonyl group of TTCO of the raw material 
was also confirmed. 

The result of the elemental analysis was C:H:S:Br = 
34.79:2.59:52.10:10.52. 

Using the resultant PTTC5TTF and 4.8 mol of iodine 
relative to 1 mol of the constituent monomer unit of PTTC5TTF , 
a charge -transfer complex ( PTTC5TTF ■ I 9 . 6 ) of PTTC5TTF and 
iodine was produced in the same manner as in Example 1. 
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Test example 

Each of the charge -transfer complexes obtained in 
Examples 1 to 3 was molded under pressure (400 kg/cm 2 ) into a 
1-cm-diameter disk pellet. Further, for comparison, a charge- 
transfer complex of tetrathiaf ulvalene and iodine was molded 
under pressure into a 1-cm-diameter disk pellet. Using the 
respective disk pellets as the positive electrode active 
materials, solid electrolyte batteries as shown in FIG. 1 were 
produced in a dry box with an argon gas atmosphere. In order 
to check the discharge characteristics of the respective solid 
electrolyte batteries, changes over time in the discharge 
voltage at a resistance of 100 kQ were measured. FIG. 2 shows 
the results. Also, Table 1 shows the open circuit voltages 
and initial internal resistances of the respective solid 
electrolyte batteries. 



Positive electrode 
active material 


Open-circuit 
voltage (V) 


Initial internal 
resistance (kQ) 


TTC 5 (b)TTF • I 9 . 6 


2.76 


10 


TTC 5 (i)TTF • I 9 . 6 


2.88 


7 


PTTC5TTF "19.6 


2.83 


2 


TTF • Ig.e 


2.78 


15 



Effects of the Invention 

The charge- transfer complex of a f ulvalene 
derivative and iodine according to the present invention can 
increase the discharge capacity of a solid electrolyte battery, 



13 



thus being useful as a positive electrode active material for 

the solid electrolyte battery. 

4. Brief Description of the Drawings 

FIG. 1 illustrates a solid electrolyte battery that 
is used for evaluating the utility of a charge -transfer 
complex of a fulvalene derivative and iodine according to the 
present invention as a positive electrode active material. In 
the figure, Ai to A 3 represent Teflon containers, B L and B 2 
represent packings, C represents a stainless plate (current 
collector), D represents a positive electrode pellet, and E 
represents a negative electrode lithium plate. 

FIG. 2 is a graph showing changes over time in the 
discharge voltages of a solid electrolyte battery that uses a 
charge-transfer complex of a fulvalene derivative and iodine 
according to the present invention as a positive electrode 
active material and a solid electrolyte battery that uses a 
charge-transfer complex of tetrathiafulvalene and iodine as a 
positive electrode active material. 
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